infected with Hymenolepis nana. The ELISA in which swine hydatid fluid was used as the antigen was as sensitive as the EITB test but was less specific (80%) and frequently cross-reacted with sera from patients with other cestode infections. The sensitivity of the DD5 test, which uses sheep hydatid fluid, was low (47%), but its specificity was as high as that of the EITB assay. However, in patients with cysticercosis, cross-reactions were observed in 23% of sera tested. Despite the higher sensitivity found with the EITB assay, 23% (n = 5) of the serum samples that were positive by the DD5 test were not detected by the EITB assay. The EITB assay offers greater sensitivity and specificity than do the ELISA and the DD5 test. The highest proportion of hydatid cases is detected when the EITB and DD5 tests are run simultaneously.
Human hydatid disease caused by the cestode Echinococcus granulosus is a widely recognized health problem in sheep-raising areas of the Americas, principally in countries such as Uruguay, Argentina, Chile, and Peru (17) . Serological tests are useful for diagnosing hydatid infections in people who live in areas of endemicity because of their low cost and ease of performance. Radiological techniques are often too costly or are not available in many areas where hydatidosis is highly endemic (4, 25) .
The double-diffusion (DD5) and the immunoelectrophoresis tests, both of which detect the arc 5 band, are the assays most commonly used because of their very low costs and relatively high specificities (12, 25) . However, these tests are limited because they are not highly sensitive and crossreactions may occur when sera from patients with cysticercosis are tested (11, 13, 16, 24) . Also, the present enzymelinked immunosorbent assays (ELISAs) are sensitive but not highly specific (8) and often cross-react with sera from patients with other cestode infections (8, 14, 20) .
A recent advance has been the introduction of enzymelinked immunoelectrotransfer blot (EITB) assays for the diagnosis of hydatid disease. EITB assays are reported to be more sensitive and specific than other serological tests (1, 11, 18, 19) .
In this report, we describe three antigenic bands that are useful for the serological diagnosis of hydatidosis. The results that were obtained by using these bands in the EITB assay were ) was added at a proportion of 1/100. This fluid was then centrifuged at 3,000 x g for 10 min, and the supernatant was filtered through no. 3 filter paper (Whatman, Ltd., Maidstone, England). The filtered hydatid fluid was divided into aliquots and frozen at -70°C until it was lyophilized. The lyophilized antigen was stored at -20°C until use.
Hydatid fluid from all three species tested (ovine, swine, and bovine) contained the three diagnostic bands. Bovine lyophilized hydatid fluid was found to give clearer bands, with lower background readings and better reproducibility in comparison with those for antigens from other hosts. The band intensities varied between lots of bovine hydatid fluid.
There are antigenic differences in hydatid fluid obtained from different hosts (7, 9, 15) . In the EITB assay and the ELISA, bovine and swine hydatid fluid, respectively, provided the best test results. The DD5 test was performed by following standard procedures (4) .
For the EITB assay procedure, the antigen that was prepared as described above was reconstituted with phosphate-buffered saline (PBS), which was prepared with 0.01 M dibasic sodium phosphate, 0.01 M monobasic sodium phosphate, and 0.15 M sodium chloride (pH 7.2); and its protein concentration was determined (2) . The antigen was diluted with 0.1% sodium dodecyl sulfate-0.025 (wt/vol) bromophenol blue-0.0025 M Tris-HCI (pH 8.0), and the dilution was completed with 6% glycerol to give a final concentration of 100 ,ug of protein per ml; the solution was heated at 65°C for 10 to 20 min. The antigen that was prepared as described above was resolved by polyacrylamide gel electrophoresis as described elsewhere (22) , with the only exception being the use of ultra-low-molecular-mass markers (Pharmacia Fine Chemicals, Piscataway, N.J.) to define the size of the 8-kDa band. When regular lowmolecular-mass standards (Bethesda Research Laboratories, Gaithersburg, Md.) were used, the 8-kDa band falsely appeared as a 12-kDa band. The steps used next were basically those described previously for the EITB assay (21, 22) . Briefly, the separated proteins were electrotransferred to nitrocellulose sheets. Sheets were cut into 3-mm-wide strips and were immersed in a dilution (1/100) of human serum. Bound human antibodies were reacted to horseradish peroxidase-conjugated goat antibody to human immunoglobulin G at a dilution of 1/1,000 for 1 h (provided by the Centers for Disease Control). Finally, antibodies bound to the specific antigenic bands were visualized with 3,3'-diaminobenzidine (22) .
(ii) ELISA. Antigen for an ELISA was prepared from a single lot of crude swine hydatid fluid as described previously (23) . Steps for the preparation of swine antigen were very similar to those described above for the EITB assay, but no phenylmethylsulfonyl fluoride was used and the filtered fluid was dialyzed against distilled water for 32 h at 4°C by using dialysis tubing membranes with a 3,500-molecular-weight cutoff (Spectra, Medical Industries, Los Angeles, Calif.) with five changes of distilled water, first with a 4-h interval between the first two changes and then with 8-h intervals between the last three changes. After dialysis, the protein concentration was determined and the fluid was lyophilized as a batch.
A modification of a previously described ELISA (3) 3 ,000 x g for 10 min, and the supernatant was dialyzed and processed as described above for the ELISA antigen. A single lot of antigen was used for the study.
To prepare control sera for the DD5 test, hyperimmune arc 5-positive sera were prepared from lyophilized hydatid fluid from swine. We used swine rather than sheep antigen for immunization in order to minimize reactions to nonparasitic host antigens. Lyophilized hydatid fluid from swine was reconstituted with PBS (pH 7.4) (prepared as described above for the ELISA but with no Tween 20 added) to give a concentration of 500 p.g of protein per ml. An equal volume of 0. centrifuged, and sera were divided into aliquots and kept at -20°C for later use.
The DD5 test for hydatid infection detects the antigenantibody precipitation reaction denominated arc 5. The test was performed with simple agar as described before (4, 12) .
The crude lyophilized sheep antigen was reconstituted with buffered saline solution that was prepared by combining 900 ml of saline solution (0.85%) with 100 ml of 0.1 M dibasic potassium phosphate. The solution was then taken to pH 7.4 by using a solution of 0.1 M monobasic potassium phosphate. The crude lyophilized sheep antigen was used at a concentration of 50 mg (dry weight) per ml. Other steps of the test were performed as described by Coltorti and Varela Diaz (4).
RESULTS
EITB assay. Sera from 71 patients with hydatid cysts were tested. Three antigenic bands located at 8, 16, and 21 kDa were diagnostic for human hydatid disease caused by E. granulosus (Fig. 1) . On basis of the presenec of one or more of the three bands, the sensitivity was 65% and the specificity was 100% (Table 1) . Forty-one serum samples had all three bands (58%). When each antigenic band was considered separately, the 8-kDa band was the one that was found most frequently in patients with pulmonary cysts (Table 2 ). This band cross-reacted with sera from three of the patients with cysticercosis. The 16-and 21-kDa antigenic bands were more efficient at detecting antibodies in patients with hepatic cysts and cross-reacted less than did the 8-kDa band (Table  2) . No cross-reactions were observed in patients with H. nana infections.
We also noted the 38-kDa band described by Siracusano et al. (19) . This band was present in only 23 patients with hydatid cysts (32%). The 38-kDa band cross-reacted with sera from 3 of 30 (10%) patients with cysticercosis but not with sera from 32 paticnts with hymenolepiasis. The specificity was 100%r'.
In 10 runs, a positive control serum specimen in which the three diagnostic bands were present was run by two different observers. All bands were detccted by both observers. No difference was noted in the runs performed by the same observer, but the band intensities varied between runs.
Comparative sensitivity and specificity of the EITB assay, ELISA, and the DD5 test. Sera from 63 patients with hydatid cysts were tested in the three assays; 65%,. of the serum specimens had an 8-kDa band, 59%s had a 16-kDa band, and 55%c had a 21-kDa band, while only 47% had an -arc 5 that could bc detcctcd by the DD5 assay (Tablc 2). The DD5 assay detected 23% (5 of 22) of the cases not dctected by the EITB assay, whilc the EITB assay detccted 49% (16 of 33) of the cases not dctcctcd by the DD5 assay. The rcsults obtaincd by the two tcsts wcre significantly diffcrcnt (P = 0.02) as determined by the McNcmar tcst. The DD5 assay was 100% specific but cross-recacted with scra from 23% of the patients with cysticercosis. The ELISA, although ncarly as sensitivc (63% ) as the EITB assay, was less specific (80%). Furthermorc, cross-reactions commonly occurred in sera from patients infccted with cysticcrcosis or H. niania (Tablc 2).
Effect of cyst status. Information about cyst status was obtained from 58 paticnts with surgically confirmcd hydatid disease. Scra from paticnts with complicated cysts tcnded to rcact more than did sera obtained from paticnts with noncomplicated cysts. In the EITB test, diffcrences in the sensitivity of the tcst between sera from paticnts with complicated cysts and those from patients with noncomplicated cysts for the 8-kDa band were 70 and 52%S., rcspectively, and for the 16-and 21-kDa bands the diffcrences were 62 and 43%, respectively. The incrcasc in antibody detcction in the scra of patients with complicated cysts compared with that in the sera of patients with noncomplicated cysts was also observed in the DD5 test (59 and 25%, respectivcly).
DISCUSSION
Wc identified, using the EITB assay. three diagnostic antigcns (8-, 16- , and 21-kDa bands), two of which were highly specific for E. grianulosst.v. The scnsitivity of the EITB assay for the two bands was higher than that of the DD5 tcst, regardlcss of the cyst sitc. Many cross-reactions werc obscrvcd with the ELISA, which makcs this tcst unsuitablc as a dcfinitivc diagnostic test. The highcr sensitivity and spccificity of the EITB tcst make it morc discriminating in arcas in which hydatidosis and cysticcrcosis are cndemic.
The specific antigcns wc identificd sccmcd to correspond " Includes three patients with hepatic and pulmonary cysts; one patient with liver, peritoneal, and lung cysts; four patients with hepatic and peritoneal cysts; and one patient with hepatic, pulmonary, and subcutaneous cysts. ' Eight serum specimens from patients with hydatidosis and four serum specimens from patients with cysticercosis were excluded because of an insufficient volume to run the DD5 assay.
to some antigens described by other groups. The 8-kDa antigen that we identified is the same as that described by Maddison et al. (11) . If standard low-molecular-mass standards, which are inaccurate below 14 kDa, are used, the 8-kDa antigen incorrectly appears to be 12 kDa in size. An accurate description of a band of this size can be made only when ultra-low-molecular-mass weight markers are used. The 12-kDa identified by Shepherd and McManus (18) would appear to be the 8-kDa band, since they used prestained high-molecular-mass markers to measure the molecular mass.
The 8-kDa antigen is not entirely specific for echinococcosis (13) . In this study, sera from patients infected with E. granulosus reacted not only with the 8-kDa antigen but also with two other low-molecular-mass antigens (16 and 21 kDa). Both of these antigens appear to be more specific than the 8-kDa band. The 16-kDa band has been described by Shepherd and McManus (18) to be highly specific. The 20-and 48-kDa bands were purified by Al-Yaman and Knobloch (1); both bands were specific and achieved sensitivity levels of 100 and 96%, respectively. No details concerning the location of the cysts in the sera from patients confirmed to have hydatid disease were given, so it is difficult to evaluate the true sensitivity of their assay. Using a cruder antigen, we did not find a specific antigen band which migrated at 48 kDa.
Antigen 5 is a large thermolabile 62-and 52-kDa lipoprotein complex which, under reducing conditions, has both 38-and 20-kDa antigens (11, 18) . Shepherd and McManus (18) noted that the 20-kDa antigen band cross-reacts with other related and nonrelated parasites. In contrast, in our study a 21-kDa band was highly specific and cross-reacted with sera from only 4% of patients with cysticercosis. Further investigations are needed to define whether our 21-kDa band is the minor subunit of antigen B. In a study done in Italy, a 39-kDa band which was derived from antigen 5 was 90% sensitive and 100% specific. Cross-reactions did not occur (19) . In our study, the 38-kDa antigen was only 32% sensitive but 100% specific. However, sera from 10% of patients with cysticercosis cross-reacted with this antigen.
Our sensitivity results were somewhat lower for hepatic cysts and higher for pulmonary cysts than those reported by Maddison et al. (11) . It is important to emphasize that sensitivity varies with the location of the cyst (5, 8, 12, 25) . Hepatic cysts appear to produce a much stronger immunological response than do pulmonary cysts (11, 12) . It is important to take into account this wide difference in sensitivity when comparing the results of serological tests for hydatidosis. We recommend that the cyst location and its status be described in detail in serological studies of hydatidosis.
Although the specificity of the blot was 100% for sera from the particular group tested, the true specificity for sera from individuals living in a zone where cysticercosis is endemic would be less than 100%. For example, in a zone where cysticercosis is highly endemic, approximately 10% of adult inhabitants are seropositive for cysticercosis (6) . If the rate of cross-reaction is 12%, then for sera from 100 individuals, sera from 1 individual would give a false-positive result because of the cross-reacting antibody. Thus, the true specificity is approximately 99%.
The EITB assay is the most sensitive serological assay for the detection of hydatidosis. It efficiently detects hepatic cysts but is less sensitive for the detection of pulmonary and noncomplicated cysts. In seroepidemiological studies in areas endemic for both hydatidosis and cysticercosis, it would be more suitable than the DD5 test because of its higher sensitivity and fewer cross-reactions. The EITB assay has the drawbacks of needing sophisticated equipment and highly trained personnel. Although the DD5 test is less sensitive and has a higher percentage of cross-reactions than the EITB test, the DD5 test may be more suitable for developing countries, because it is simple, needing little infrastructure and training to be performed (4) .
The ELISA is not as sensitive or as specific as the EITB test. However, the ELISA is cheaper and easier to perform. When large numbers of sera need to be tested, it may be useful to use the ELISA as a screening assay. Optimally, an optical density value which would detect over 95% of positive cases would be used as the cutoff value. All tests positive by the ELISA would then need to be confirmed by the DD5 and EITB tests.
In our study, the DD5 test also detected cases missed by the EITB test, suggesting that hydatid disease is best detected when both assays are run. The DD5 test will remain a useful test until more-sensitive, specific, and equally low cost assays are developed.
In a study in Turkana, Kenya, only 50% of cysts seen on ultrasonography were detected by an ELISA (10). Chromatographically purified antigens may increase the sensitivity of the EITB test for the detection of hydatidosis. Further investigations that examine the use of purified proteins as antigens for serological tests for hydatidosis are needed.
